Improving Detection of Transposition of the Great Arteries in Routine Obstetric
Sonographic Screening SARAH MELISSA ZHIVORA, RDMS, BS Transposition of the great arteries (TGA) is a congenital malformation in which the pulmonary artery arises from the left ventricle and the aorta arises from the right ventricle. At birth, when the ductus arteriosus and foramen ovale close, severe hypoxemia results, and intervention is necessary. Prenatal diagnosis of TGA is associated with a significant decrease in mortality and morbidity. Currently, detection of TGA is low. This literature review explores techniques for detecting TGA, the importance of prenatal diagnosis, scanning techniques, new technologies, and possible maternal risk factors.
Key words: dextrotransposition, levotransposition, sonographer, spatiotemporal image correlation, transposition of the great arteries Dextrotransposition results in two separate parallel circulations to be present without any mixing of venous and arterial blood. 1 At birth, with the closing of the foramen ovale and ductus arteriosus, severe hypoxemia results, except when the presence of a VSD or atrial septal defect allows the incorporation of blood from the right and left heart. 2 Evaluation of the fetal heart is a standard practice in routine obstetric sonographic examinations. The condition of TGA follows an uncomplicated obstetric course because fetal circulation, such as the foreman ovale and ductus arteriosus, allows mixing of venous and arterial blood. TGA can be easily missed because the four-chamber view, which consists of both atria and ventricles, is normal in fetuses with TGA without a VSD. 2 This emphasizes the importance of visualizing the fetal cardiac outflow tracts crossing normally along with the fourchamber view. If the sonographer is unable to demonstrate the outflow tracts, the patient should be sent to the pediatric echocardiographer. The purpose of this review is to examine scanning techniques, the importance of a prenatal diagnosis, and new technology, as well as to investigate for maternal or family risk factors. Sonographers could use this information to increase detection of TGA in routine obstetric sonographic examinations.
Importance of Prenatal Diagnosis of TGA
The anatomical anomaly of TGA presents with striking symptoms of cyanosis at birth that can lead to rapid death or compromise of vital organs. 1 The cyanosis may lead to metabolic acidosis, secondary to reduced tissue oxygenation and respiratory alkalosis, causing multiorgan failure. 1 A prenatal diagnosis of TGA is so vital to care because it allows for a controlled environment for delivery, reduces the risk of spontaneous delivery in the general public, and allows for induction of labor to incorporate timing with heart surgeons. 1 Dextrotransposition is a condition that, with surgical intervention, can be corrected. Also, patients diagnosed antenatally are significantly more likely to be intubated preoperatively and to go to surgery at a younger age. Prenatal diagnosis is associated with a reduced requirement for mechanical ventilation and a decreased frequency of metabolic acidosis, multiorgan failure, and surgical mortality. 3 When TGA is diagnosed antenatally, delivery should be scheduled at a hospital that is able to provide the appropriate level of medical care to the neonate. 3 In a study by Bartlett et al., 1 the risk for severe hemodynamic compromise was four times higher in the postnatal diagnosis group than in the prenatal diagnosis group. The study was conducted to explore the effects of prenatal diagnosis of TGA on patients one year after birth. The authors showed that although there is a significant difference between patients diagnosed before and after birth concerning mortality and morbidity, there is not a significant difference between the two groups once patients who survived reach one year of age. The study suggested that further research be conducted on age groups past one year to determine if there is a difference of cognitive function between those diagnosed with TGA before and after birth. 1 It is well documented that a prenatal diagnosis of TGA gives the neonate the best chance at survival. 1, [4] [5] [6] 
Scanning Techniques of the Fetal Heart in Routine Obstetric Sonographic Screening
Adequate visualization of the outflow tracts is dependent on many factors, including maternal body habitus, fetal position, and sonographer capability. A correct diagnosis relies on the sonographer's ability to visualize the outflow tracts. The American Institute of Ultrasound in Medicine (AIUM) recommends that a basic fetal cardiac examination include the four-chamber view ( Figure  1 ) along with the outflow tracts. 7 Other recommendations advocate extending the protocol even further to include the three-vessel view (3VV). 6 The outflow tracts are the left ventricular outflow tract (LVOT), which becomes the ascending aorta, and the right ventricular outflow tract (RVOT), which becomes the pulmonary artery in a normal heart ( Figure 2 ). The three-vessel view includes the pulmonary artery, aorta, and superior vena cava. The most reliable clues to TGA are a lateral branching great artery arising from the left ventricle, visualized at the level of the five-chamber view and two vessels in the 3VV of the fetal heart. 6 Some features of TGA are reported on 3VV, but it should not be used as the only diagnostic criterion. 6 A correct diagnosis of TGA is critical to the care of the infant. Fetal echocardiographers have a high degree of success in correctly diagnosing TGA, with some authors citing an overall 95% accuracy in detecting cardiac defects for indicated fetal echocardiographic examinations. 3 The most important requirement is for the screening sonographer to suspect that the great vessels are not crossing normally and refer the patient to a fetal echocardiographer. Obtaining images of the outflow tracts is a skill learned with practice and is a critical part of the routine fetal examination (Figure 3) .
In scanning the fetal heart, it is important to use as high a frequency transducer as possible, as well as harmonic imaging, especially with increased abdominal girth in pregnancy. 6 First, magnify the heart until it fills one third to one half of the screen display. To visualize the outflow tracts, angle the transducer toward the fetal head from a four-chamber view when the intraventricular septum (IVS) is tangential or along the same axis to the sonographic beam. 6 Another method is to position the IVS perpendicular to the sonographic beam in a fourchamber view and rotate the transducer until the LVOT is seen. Once this view is obtained, the transducer is then rocked toward the fetal head until the RVOT comes into view. 6 The three-vessel view comprises the pulmonary artery (PA) or RVOT, aorta or LVOT, and the superior vena cava. The PA should be the largest of the three vessels, with the aorta the next size down and the superior vena cava the smallest. This view is obtained by first visualizing the RVOT, then rotating the transducer until the three vessels are lined up in cross section, transverse, and as round as possible. Any change in the size and relationship of these vessels is cause for sending the patient to the fetal echocardiographer. familiarity with the normal crossing of the outflow tracts, and if they sense any deviation from a normal examination, they should not hesitate to refer the patient to a fetal echocardiographer.
New Technology in Diagnostic Medical Sonography
One of the newest technologies being implemented in fetal echocardiography is 3D and 4D sonography with spatiotemporal image correlation (STIC). This allows for dynamic multiplanar slicing and surface rendering of the fetal cardiac structures. 7, 8 With B-mode imaging, a diagnosis of TGA depends on the screening sonographer's ability to visualize the outflow tracts crossing normally, but this skill is technically difficult for many sonographers. Goncalves et al. 8 have suggested that by using 3D and 4D sonography with STIC, one can bypass the individual technical difficulties that screening sonographers may have: "Four dimensional volume data set acquisition followed by a systematic approach to image the outflow tracts may reduce the operator dependency of prenatal sonography." They also state that "volume acquisition is still operator dependent with current technology but once a good quality volume data set is obtained, the outflow tracts can be systematically imaged by following algorithms developed for B-mode, color and power Doppler imaging." 8 This technique starts off by achieving visualization of the four-chamber view of the fetal heart. Volumes are obtained in sweeps through the ventricles, atria, and major vessels. 7 The 3D imaging bypasses the assumptions necessary in 2D sonography to create a representation of the fetal heart. STIC gives accurate measurements for small volumes and asymmetric shapes such as the fetal heart. 7 The limiting factors in B-mode imaging are the same in 3D and 4D imaging: maternal body habitus, early gestational age, fetal position, and fetal activity. 7 3D and 4D sonography with STIC allows for consistent visualization of the fetal outflow tracts, which is the major advantage of STIC when compared with the amount of difficulty in reliably demonstrating the outflow tracts in B-mode imaging. 7 3D and 4D technology is becoming more advanced, and it should become a tool to simplify and increase the rate of detection of TGA. Soon, 3D and 4D sonography with STIC may become a standard tool in fetal echocardiography.
Possible Risk Factors for TGA
Because of a lack of known maternal risk factors, it is difficult to determine a group that may be at more risk for TGA than others. Research is being conducted to discover factors that might point to TGA to possibly prevent or better screen for TGA. TGA is more common in male fetuses, with a ratio of 2.8:1. The study by Bianca et al. 9 validated this observation. At this time, it is uncertain why TGA in male fetuses is more common, and research is being conducted on how TGA relates to sex hormones. Digilio et al. 4 indicated that TGA may have a multigenic origin, probably with involvement of causative and pathogenetic mechanisms, and their conclusions point out that TGA is not always sporadic in families. This gives practical implications for genetic counseling. Another study by Loffredo et al. 10 examined maternal exposure to pesticides with the presence of TGA in their offspring. The study concludes that mothers with infants with TGA are more likely to report having been exposed to pesticides than the control group. There is a significant association between TGA and exposures to rodent and/or weed killers. 9, 10 In a multivariate analysis done by Loffredo et al. 10 that took into account other factors (race, maternal age, smoking, alcohol use, family history, and paternal pesticide exposure), the results were still significant that maternal exposure to pesticides is related to TGA. Other predisposing or linked factors are maternal diabetes, advanced maternal age, alcohol use during first-trimester pregnancy, poor maternal nutrition, and maternal exposure to rubella virus during fetal cardiac development. 5 It is unknown exactly how these factors contribute to TGA. More research needs to be done to uncover the exact cause of TGA, although studies point to both genetic and environmental etiologies.
Conclusion
Taking into account the severity of TGA and the importance of prenatal diagnosis to care for the affected infant, screening sonographers must try to improve detection of TGA during routine obstetric sonograms. As the first and sometimes only fetal cardiac examination, it is vital that the screening incorporate the outflow tracts crossing normally to rule out TGA. Because of a lack of a definite risk group, technical difficulty with B-mode imaging, and technologies that are not yet perfected, TGA remains an elusive disorder to detect before birth. More research needs to be conducted to determine how to improve detection of TGA in routine obstetric sonographic screening. With this information on scanning techniques and with more sonography labs incorporating the outflow tracts and three-vessel view along with the standard four-chamber view, the rate of detection of TGA could possibly be improved. As the technology of 3D and 4D sonography improves and becomes more common in sonography labs, there is a more hopeful outlook for improving detection of TGA.
